Tissue fibrosis is one of the characteristics of chronic pancreatitis and pancreatic adenocarcinoma. Activated pancreatic stellate cells (PSC) play a central role in this process. However, analysis of the molecular mechanisms leading to PSC activation is hampered by the lack of an established human PSC line. To overcome this problem, we immortalized and characterized primary human PSC. The cells were isolated by the outgrowth method and were immortalized by transfection with SV40 large T antigen and human telomerase (hTERT). Primary human PSC served as controls. An immortalized line, RLT-PSC, was analyzed for the expression of stellate cell markers. Moreover, the effects of transforming growth factor b 1(TGFb1) or platelet-derived growth factor stimulation and of cultivation on basement membrane components or N-acetylcysteine (NAC) treatment on gene and protein expression and proliferation were analyzed. Immortal RLT-PSC cells retained the phenotype of activated PSC proven by the expression of a-smooth muscle actin (aSMA), vimentin, desmin and glial fibrillary acidic protein (GFAP). TGFb1 treatment upregulated the expression of aSMA, collagen type I (Col I), fibronectin and TGFb1. Incubation of RLT-PSC cells and primary human activated PSC on Matrigel plus NAC treatment resulted in a deactivated phenotype as evidenced by a decrease of aSMA, connective tissue growth factor and Col I expression and by a decreased proliferation of the cells. Moreover, this treatment restored the ability of the cells to store vitamin A in cytoplasmic vesicles. In conclusion, we have established an immortal pancreatic stellate cell line, without changing the characteristic phenotype. Importantly, we were able to demonstrate that besides soluble factors, the matrix surrounding PSC plays a pivotal role in the maintenance of the activation process of PSC. Cultivation of activated PSC on a reconstituted basement membrane plus treatment with NAC was able to deactivate the cells, thus pointing to the possibility of an antifibrosis therapy in chronic pancreatitis.
Tissue fibrosis is one of the pathophysiological characteristics of chronic pancreatitis and pancreatic adenocarcinoma, here termed desmoplasia. [1] [2] [3] [4] In liver cirrhosis, hepatic stellate cells (HSC) have been identified to be the main source of extracellular matrix (ECM) deposition. [5] [6] [7] Similarly, the recently identified pancreatic stellate cells (PSC) have been implicated in the development of fibrotic tissue in the pancreas in chronic pancreatitis and in pancreatic cancer. [8] [9] [10] [11] [12] Moreover, these cells seem to contribute to tissue regeneration after acute necrotizing pancreatitis. 13 In the normal pancreas, stellate cells are quiescent and, like their counterparts in the liver, store vitamin A in lipid droplets in their cytoplasm. 9, 14 When exposed to injury, inflammation or after prolonged cultivation in vitro, the cells transform to an activated myofibroblast-like state. In this activated state, PSC begin to proliferate and synthesize ECM components like collagen type I and III (Col I and Col III), fibronectin (FN) and laminin. This state is associated with a gradual loss of lipid droplets and the expression of the proteins desmin, vimentin, aSMA and glial fibrillary acidic protein (GFAP). 8, 9 A variety of factors, which contribute to this activation process, have been identified so far. These include cytokines (eg IL-1), growth factors (PDGF, TGFb1), ethanol and acetaldehyde. 11, 15, 16 Platelet-derived growth factor (PDGF) seems to be the most potent mitogen, whereas transforming growth factor b 1 (TGFb1) predominantly induces matrix synthesis. 15, 17 Different methods for isolation of these cells have been published, using either dispersed acini, enzymatic tissue digestion and density centrifugation, or outgrowth of PSC from pancreatic tissue. 18, 8, 9, 19 These methods need fairly large amounts of tissue to obtain a sufficient number of cells. Moreover, due to the finite lifespan of PSC and the phenotypic changes observable with time in culture, researchers need to analyze different preparations of PSC, making a direct comparison of results difficult. To overcome these problems, several rat pancreatic stellate cell lines have been established, demonstrating the need of appropriate in vitro models. [20] [21] [22] However, an immortalized human PSC line was not available up to now. We immortalized and characterized a human pancreatic stellate cell line without changing the characteristic phenotype of activated PSC, namely the expression of marker proteins and the responsiveness to stimuli implicated in pancreatic fibrosis. Moreover, to test the usefulness of our cell line, we analyzed the effect of culture conditions and compounds shown to exert antifibrotic effects on HSC in our in vitro system, using native human PSC as controls.
Materials and methods

Isolation and Culture of Primary Pancreatic Cells
Human pancreatic tissue was obtained from resection specimens of patients with chronic pancreatitis. Informed consent was obtained prior to surgery to use the tissue for scientific purposes. Primary human pancreatic cells used for transfection and human PSC used for control purposes were isolated by the outgrowth method. 9, 23 In brief, small tissue blocks (1-2 mm 3 ) were cut using a scalpel and were seeded (8-10 blocks/dish) on 60-mm Petri dishes in a small volume of culture medium (500 ml/ 60 mm dish). After the clumps had been incubated in a humidified incubator for an hour in order to get attached, an additional 2 ml of culture medium (Gibco Keratinocyte SFM supplemented with 5 ng/ml epidermal growth factor (EGF), 50 mg/ ml bovine pituitary extract (BPE), 50 mg/ml Gentamycin, 0.25 mg/ml Fungizone in the case of cells used for transfection; DMEM/F12 supplemented with 15% FCS plus antibiotics in the case of primary stellate cells) was added carefully. 23, 24 Medium was changed every 2 days. Starting day 3, cells were able to grow out of the tissue clumps. Cultures were kept until the colonies reached a diameter of about 10 mm. Then the tissue clumps were removed with a pipette tip and transferred to a new culture dish for a second round of outgrowth. Cells growing out from the tissue blocks were either transfected or, in the case of PSC, expanded and passaged using trypsin/ EDTA. PSC used as controls for the experiments were in passages 3-6.
Immortalization with SV 40 Large T and hTERT SV40 large T antigen has been used for immortalization in a variety of cells; however, the immortalization frequency is very low when using SV40 large T alone. [25] [26] [27] It has been reported that the use of SV40 large T in conjunction with hTERT, the catalytic subunit of the human telomerase (hTERT), increases the likelihood of immortalization. 28 For this reason, the outgrown cells were transfected as described before by the Ca-phosphate-method or with FuGene reagent (Roche) using the plasmid pSV3neo and pRC/hTERT, coding for SV40 large T antigen and the catalytic subunit of the hTERT, respectively. 29, 30 These plasmids also carry the neomycin-resistance gene, which enables selection with G 418. Cells were selected with G 418 (Life Technologies, 300 mg/ml) for at least 4 weeks, and resistant clones were expanded until the cells reached terminal crisis. Clones surviving this crisis were further expanded and characterized. After crisis, fibroblastoid clones were cultured in DMEM plus 10% FCS and antibiotics. The characterization of a fibroblastoid clone, designated RLT-PSC, started after it was cultured intermittently for 2 years at about passage number 20. In general, the cells were seeded from liquid nitrogen stocks and used for the experiments for the following 5-6 passages, before fresh cells from the seeding stocks were used.
Karyotype Analysis
SV40 large and small T antigens are known to induce karyotype alterations in transfected cells. In order to analyze changes of the karyotype in RLT-PSC cells, chromosome preparation was performed as previously described. 24 Colcemide (final concentration 0.6 mg/ml; Gibco) was added to the culture for 2 h. Thereafter, the cells were incubated in a hypotonic solution (0.075 M KCl) for 15 min, fixed twice with methanol:acetic acid (3:1, 15 min each). The resulting cell suspension was added in drops to the cold wet slides, air-dried and Giemsa stained.
Growth in Soft Agar
Cells were mixed with an equal volume of prewarmed 0.6% agarose (Biozym) in DMEM/F12 supplemented with 10% FCS and plated onto a sublayer of 0.5% agarose in the same medium. After solidification, the gel was covered with culture medium. 24 The formation of colonies was observed for 4 weeks.
RNA Isolation, RT-PCR and Real-Time Quantitative RT-PCR
For RNA preparation, the cells grown in 60-mm Petri dishes were washed with PBS. After complete removal of the PBS, 350 ml buffer RLT (Qiagen, RNeasy Mini Kit) plus b-mercapto ethanol (b-ME) (10 ml/ml) were pipetted directly onto the cells. The lysate was processed further according to the manufacturer's recommendations. Isolated total RNA (1 mg, determined photometrically) was reverse transcribed using Superscript II (Invitrogen, Karlsruhe, Germany) reverse transcriptase and oligo-dT primers, and the resulting cDNA was amplified in separate tubes using Hot Star Taq (Qiagen). Primers used were as shown in Table 1 . The cycling parameters were as follows: initial denaturation and Taq polymerase activation at 941C for 15 min, cycling at 941C for 45 s, 601C for 45 s and 721C for 1 min and a final extension at 721C for 5 min. The cycle number for the respective genes is outlined in Table 1 .
Real-time RT-PCR with the Light Cycler system (Roche) and Sybr green was used to quantify the expression of Col I, aSMA and TGFb1 after stimulation of the cells with TGFb1 (5 ng/ml) for 4 h in serum-free DMEM. Expression of these genes was normalized to that of the housekeeping gene RPL13A. 31 Serial dilutions of HeLa calibrator cDNA in the range of 1 Â 10 À2 to 1 Â 10 À8 were used to generate standard curves of the respective genes. Amplification was performed in a volume of 20 ml with a ready-to-use reaction mix (LightCycler DNA Master Sybr Green I-Kit, Roche) using 1 ml or 3 ml cDNA as template for the genes RPL13A, aSMA and TGFb1 or Col I, respectively. Primers were used at a final concentration of 0.5 mM, MgCl 2 at 2 mM. PCR consisted of an initial denaturation step at 951C for 30 s, followed by 40 cycles of 951C for 0 s, 591C for 10 s (611C for Col I) and 721C for 10 s. To increase the specificity, a melting curve analysis between 65 and 951C was employed.
Western Blot Analysis and Immunocytochemistry
In order to analyze secretion of matrix proteins induced by TGFb1 challenge, the cells were incubated in equal volumes of serum-free culture medium with or without addition of TGFb1 for 24 h. Subsequently, the conditioned media were harvested and the cells were trypsinized and counted. The conditioned media were mixed with SDS-sample buffer, boiled for 5 min and volumes corrected for the cell number were analyzed either for Col I expression using a dot blot apparatus (Biorad) or FN expression via Western blot.
Whole-cell lysates were prepared by incubating the cells with denaturing Laemmli buffer. Proteins were separated by SDS-PAGE and transferred to a polyvinylidene difluoride membrane (Roche) using standard protocols. Blot membranes were blocked in Tris-buffered saline (TBS, 10 mM Tris, 10 mM NaCl) containing 5% blocking solution (Amersham) and probed with the respective antibodies. The following antibodies were used: SV40 large T (Calbiochem), cytokeratin (CK) 19 (Sigma), FN (Sigma), Col I (Rockland) and aSMA (Sigma). Detection antibodies were from Dako (rabbit-anti-mouse-HRP and swine-anti-rabbit-HRP, 1:5000 for 1 h at room temperature) or from Pierce (goat-anti-mouse-HRP and goat-anti-rabbit-HRP, 1:5000 for 1 h at room temperature). ECL plus (Amersham) or SuperSignal West Femto Maximum Sensitivity Substrate (Pierce) was used for visualization.
Indirect immunocytochemistry was used as previously described. 32 The primary antibodies used were directed against SV40 large T (Calbiochem, . Secondary and tertiary antibodies used for immunocytochemical staining were HRP-conjugated rabbit-anti-mouse, rabbit-anti-goat and swineanti-rabbit IgGs (all from Dako, 1:100) using 3-amino-9-ethylcarbazole (AEC) (Chemicon) as color substrate.
Telomerase Activity
The expression of the transfected telomerase was analyzed with the Telomerase PCR ELISA Kit (Roche) according to the manufacturer's recommendations, using Capan-1 cells and fibroblasts as positive and negative controls, respectively.
Cell Cycle Analysis
The effect of TGFb1 on the cell cycle of RLT-PSC cells was analyzed on a FACScalibur flow cytometer (Becton Dickinson) as previously described. 33 The cells were incubated with TGFb1 (5 ng/ml) in the presence of 5% FCS or no FCS supplement for 24 h. Subsequently, the cells were detached with trypsin/ EDTA, fixed with 70% ethanol for 1 h at 41C and stained with Telford reagent (EDTA 90 mM, 10 U/ml RNase A, 50 mg/ml propidium iodide and 0.1% Triton X-100 in PBS) for 45 min at 41C. Cell cycle analysis was performed with FlowJo software.
Proliferation Assays
Since TGFb1 is known to induce a growth arrest in human PSC, TGFb1 stimulation experiments were performed in the presence of 5% FCS in order to have an adequate proliferative capacity of the cells. They were seeded onto a 96-well culture dish (5000 cells/well) and subsequently, the cells were treated with TGFb1 (0, 1, 5, 10 ng/ml) in DMEM with 5% FCS for 6 days. For proliferation assays using the PSC mitogen PDGF, the cells were serum-starved overnight and subsequently stimulated with PDGF-B (0, 5, 10, 20 ng/ml) in serum-free DMEM for 6 days. Proliferation was analyzed with the watersoluble tetrazolium salt WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate) (Roche) according to the manufacturer's instructions, using an ELISA reader 2 h after WST-1 addition.
Response to TGFb1 Stimulation
To examine whether RLT-PSC responds adequately to stimuli implicated in the activation of PSC, the cells were stimulated in the absence of FCS with TGFb1 (5 ng/ml) for 4 h after overnight serum starvation. 15, 17 After TGFb1 treatment, RNA isolation and RT-PCR or Western blot analysis was performed as described above.
Oil Red Staining and Vitamin A Autofluorescence
For the staining of fat storing vesicles, the cells were fixed with 4% buffered formalin for 10 min at room temperature. 19 Subsequently, the cells were washed with PBS (two times, one minute each) and covered with a saturated solution of oil red in acetone: ethanol (1:9) for 10 min at room temperature. After extensive washing with distilled water, the cells were examined by light microscopy. Vitamin A storing in the lipid vesicles was demonstrated by fluorescence microscopy using an excitation wavelength of 320-380 nm to visualize the characteristic rapidly fading blue-green fluorescence of vitamin A.
Effect of Matrigel and N-Acetylcysteine on PSC
Cultivation on Matrigel and treatment with Nacetylcysteine (NAC) has been reported to induce a quiescent state with a decrease in matrix production in activated HSC. [34] [35] [36] To analyze if the same may be true for PSC, the immortalized cells and cultureactivated human PSC were cultured in DMEM plus 5% FCS in either the presence or the absence of 2.5 mM NAC on a layer of Matrigel for up to 10 days. The Matrigel layer was prepared by adding 600 ml of diluted Matrigel (1:2 in serum-free culture medium) to the wells of a six-well culture plate. The gel was allowed to solidify at 371C for 24 h before seeding of the cells. The cells were then used for oil red staining and for gene expression analysis by RT-PCR, as described above. RNA for gene expression analysis was prepared according to the protocol provided by the manufacturer of the RNeasy mini Kit (Qiagen) by adding buffer RLT plus b-ME (350 ml for cells on pure TC plates, 950 ml for cells grown on Matrigel) directly to the cultured cells. In order to analyze the effects of Matrigel and NAC on the proliferation of PSC, the cells were seeded in DMEM plus 5% FCS, 72.5 mM NAC on either Matrigelcoated or plain 96-well plates (5000 cells/well). After 5 days of incubation, the proliferation was analyzed by the WST-1 assay, as described above.
Statistical Analysis
Results are expressed as mean7standard deviation (s.d.). Results were analyzed using the Student's t-test, Po0.05 was considered to be statistically significant.
Results
Expression of Transfected cDNAs
The expression of SV40 large T antigen was analyzed by Western blot and immunocytochemistry. Western blot experiments showed a protein of the expected size (90 kDa), which, using indirect immunocytochemistry, was located solely in the nucleus of the transfected cells (Figure 1, left) . Control cells (carcinoma cells and fibroblasts) did not express large T antigen. In TRAP-assays, the telomerase expression of the transfected cells was comparable to that of the positive control cells Capan-1 (RLT-PSC, OD 450 nm -OD 690 nm : 1.090; Capan-1, OD 450 nm -OD 690 nm : 1.501), whereas in fibroblasts serving as negative controls no telomerase activity was detectable (fibroblasts; OD 450 nm -OD 690 nm : 0.089). SV40 large T is known to induce karyotype alterations in transfected cells. In RLT-PSC cells, the mean chromosome number was increased to 60 chromosomes (Figure 1, middle) . Using a soft agar cloning assay, we next analyzed if the expression of the transfected cDNAs resulted in a transformed phenotype of the RLT-PSC cells. Only a very small percentage of the cells (0.65%, 70.13; mean7s.d. of three determinations) were able to grow anchorageindependently and to form colonies in soft agar (Figure 1, right) .
Expression of Marker Proteins
RT-PCR revealed expression of the stellate cell and activation markers GFAP, desmin, vimentin and aSMA (Figure 2a) in the immortalized PSC. Desmin, vimentin and aSMA were also expressed by fibroblasts. The unexpected finding of aSMA expression in fibroblasts was due to a small percentage of aSMA positive cells in our fibroblast preparation. On the other hand, almost all the immortalized cells exhibited strong aSMA staining. GFAP was expressed exclusively in the immortalized cells and thus was the only marker to discriminate the immortalized PSC from the fibroblasts (Figure 2a ). Immunocytochemistry demonstrated a marked expression of the proteins aSMA, vimentin and GFAP, which were organized in fibrillary structures. In contrast, desmin was only detectable as a very faint staining throughout the cytoplasm of the immortal cells (Figure 2b ). Using the same two methods, no expression of the epithelial markers CK19, CK20, CA II and cystic fibrosis transmembrane conductance regulator (CFTR) was detectable in RLT-PSC cells (data not shown). 
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G1-phase cells, whereas the number of S-phase cells was markedly diminished (Figure 3b).
Proliferation Assays
TGFb1 treatment induced a maximal growth inhibition of 15% of RLT-PSC cells cultured with 5% FCS with all TGFb1 concentrations used, reaching statistical significance for 5 and 10 ng/ml of TGFb1 (Figure 3c, left panel) . In contrast, stimulation with PDGF, a wellknown mitogen for PSC, dose dependently increased the proliferation of RLT-PSC cells up to 229% of controls with a maximum effect at a PDGF concentration of 20 ng/ml (Figure 3c, right panel) .
Response to TGFb1 Treatment
In order to ascertain that the immortalization process did not result in an alteration of the phenotype of RLT-PSC cells, the effect of TGFb1 on the expression of genes and proteins, known to be induced by TGFb1 in activated PSC, was investigated in our immortalized clone using conventional RT-PCR, real-time RT-PCR and Western blot. The ribosomal gene RPL13A was used as housekeeping gene for the gene expression experiments. 31 TGFb1 induced a marked upregulation of the ECM proteins Col I and FN on the RNA level (Figure 4a and b) . Using real-time RT-PCR, we were able to verify the TGFb1 induced Col I expression on the RNA level (Figure 4b ). Using dot blot and Western blot analysis of conditioned media and whole-cell lysates, we were able to confirm the upregulation of Col I and FN also on the protein level (Figure 5a) . Expression of aSMA, a marker for PSC activation, was induced as well on the RNA level (Figure 4a 
Effects of Matrigel Cultivation and NAC Treatment
Cultivation of the immortalized and primary human PSC on a layer of Matrigel resulted in an alteration of the morphology of the cells. They lost their flattened myofibroblast-like appearance and formed cell clusters, which were connected by a filamentous network (Figure 6a) . Importantly, during the cultivation on Matrigel, the immortalized and the cultureactivated native PSC regained the ability to store vitamin A in cytoplasmic vesicles, a feature of not-activated native PSC, as evidenced by oil red staining and vitamin A fluorescence (Figure 6b ). These morphological changes were accompanied by drastic changes of gene expression. Thus cultivation of the immortalized PSC on Matrigel for 7 days resulted in a marked decrease of Col I, TGFb1 and CTGF expression compared to cultivation on tissue culture plates, reminiscent of the expression pattern in not-activated PSC, whereas aSMA expression was not altered significantly by these cultivation conditions (Figure 7a) . RT-PCR also demonstrated that cultivation of culture-activated native human PSC on Matrigel induced a marked downregulation of the activation markers aSMA and CTGF, while upregulating GFAP expression, whereas Col I and WAF1 expression were not altered. Concomitant treatment of Matrigel cultured cells with NAC (2.5 mM) augmented aSMA and CTGF downregulation, while it attenuated the upregulation of GFAP expression (Figure 7b) . Moreover, this treatment downregulated Col I expression, also leaving WAF1 expression unchanged. Treatment of primary human PSC grown on plain TC plates with NAC also induced a decrease of aSMA, but to a lesser extent than did Matrigel cultivation. NAC reduced CTGF expression to similar levels as Matrigel cultivation, but had no effect on GFAP and WAF1 expression. However, in contrast to Matrigel cultivation, NAC treatment was able to decrease Col I expression (Figure 7b) .
Treatment of primary human PSC cultured on tissue culture plates with NAC resulted in a modest but significant decrease of the proliferation of the cells (13% growth inhibition, Po0.01), and this effect was significantly enhanced when the cells were grown on Matrigel (27% growth inhibition, Po0.01). Cultivation of the cells on Matrigel alone, without NAC treatment, had no effect on the proliferation of the cells (Figure 7c ).
Discussion
Activated PSC play a central role in the development of fibrotic tissue in chronic pancreatitis as well as in pancreatic cancer. Owing to the finite lifespan of normal PSC, the mechanism underlying this activation process had to be analyzed on primary culture, putting up with the drawbacks of this method, such as time-consuming isolation of the cells and variations between different preparations. Recently, the immortalization of rat PSC has been reported, pointing out the need of appropriate in vitro models. [20] [21] [22] However, an immortalized human PSC line has not been available up to now. We established an immortal human PSC line, named RLT-PSC, from human pancreas, by transfection with the SV40 large T antigen and the catalytic subunit of the hTERT, which will help to overcome this obstacle. As we initially intended to immortalize human pancreatic epithelial cells, we used a supplemented keratinocyte growth medium for the cells to be transfected. Although this medium is not optimal to support the growth of PSC, we obtained several resistant mesenchymal cell clones, of which RLT-PSC became immortal. The expression of the transfected genes was verified by Western blot analysis, immunocytochemistry and TRAP-ELISA, respectively. Since RLT-PSC passed terminal crisis and has been passaged more than 20 times thereafter, it can be assumed to be immortal. 37 Expression of large T antigen may result in a transformed phenotype indicated by the independence from growth factors. 38 This phenomenon was recently shown in immortalized human HSC. 39 However, in our RLT-PSC cells, serum deprivation resulted in a Figure 4 Effect of TGFb1 on the expression of selected genes. The cells were stimulated in the absence of FCS with TGFb1 (5 ng/ml) for 4 h after overnight serum starvation. Subsequently, gene expression was analyzed by RT-PCR. TGFb1 induced an increase of gene expression in all genes investigated, namely the activation marker aSMA, the ECM proteins Col I and FN as well as the growth factors TGFb1 and CTGF. The housekeeping gene RPL13A served as control (a). The observed expression pattern was verified for three genes (TGFb1, aSMA and Col I) using real-time RT-PCR (b).
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G1-arrest of the cells, showing the dependence on serum factors as an indicator for a normal, that is, not malignantly transformed, phenotype. Nevertheless, the expression of the transfected large T antigen induced considerable alterations of the karyotype and the mean chromosome number was increased to 60 chromosomes, an effect already described in a variety of SV40 large T immortalized cells. 24, [40] [41] [42] [43] As these alterations might have induced a transformation of the cells, a soft agar cloning assay was performed to check for the ability of the cells to grow anchorage independently. Only a very small percentage (0.65%) of the cells was able to form colonies in soft agar. Thus, the vast majority of RLT-PSC cells resemble a normal phenotype, despite the alterations in their karyotype.
RLT-PSC was established from tissue obtained from a chronic pancreatic tissue resection; thus, the PSC were already activated, ie in a proliferative state, apparently a prerequisite for the isolation of the cells by the outgrowth method. 9, 15 The immortalized PSC was retained to express markers of activated PSC, namely aSMA, vimentin, desmin and GFAP, even after prolonged passaging of the cells. 8, 9 GFAP expression also has been used by others to identify pancreatic/HSC and to discriminate them from myofibroblasts. 8, 44 Vimentin, aSMA and GFAP were expressed in well-organized fibrillary structures, a feature found in culture-activated PSC. 20, 21 Besides the expression of PSC marker proteins, responsiveness to factors implicated in the pathogenesis of pancreatic fibrosis has to be retained in the immortalized cells. For this reason, we analyzed the effect of TGFb1 and PDGF on our cell line. Treatment of the cells with TGFb1 resulted in an increase of G1-phase cells and a simultaneous decrease of S-phase cells, classical features of a G1-arrest induced by TGFb1, found in a variety of cells. 45, 46 This G1-arrest was induced in RLT-PSC cells cultured with or without serum but was more pronounced in cells cultured in medium containing FCS, presumably due to the arrest already induced by serum deprivation.
Treatment of RLT-PSC with TGFb1 (1-10 ng/ml) resulted in a decrease of proliferation. Similar findings were observed in PSC, whereas others did In order to analyze the secretion of collagen I and FN induced by TGFb1 challenge, the cells were incubated in equal volumes of serum-free culture medium with or without addition of TGFb1 for 24 h. Subsequently, the conditioned media were harvested and volumes corrected for the number of cells were analyzed by Western blot (FN) or dot blot (Col I). TGFb1 markedly induced secretion of both FN and Col I into the culture medium (a). Whole-cell lysates were prepared by incubating the cells with denaturing Laemmli buffer. TGFb1 challenge markedly increased Col I, whereas it only marginally induced aSMA expression in the immortalized on the protein level. The constitutively expressed transgene SV40 large T antigen was used as a loading control (b).
Deactivation of pancreatic stellate cells R Jesnowski et al not find such an effect of TGFb1 on the growth of PSC. 15, 47, 48 The same is true for HSC, where contrasting data describing the influence of TGFb1 on proliferation, ranging from growth inhibition to stimulation of proliferation, have been published, although the majority of publications report a TGFb1-induced growth inhibition in HSC. 44, [49] [50] [51] These differences may be attributed to different RT-PCR demonstrated that cultivation of immortalized PSC on Matrigel (M) for 7 days resulted in a marked decrease of Col I, TGFb1 and CTGF expression compared to cultivation on tissue culture (TC) plates, whereas aSMA expression was not altered significantly by this cultivation conditions, the housekeeping gene RPL13A served as control (a). Cultivation of primary human PSC on Matrigel induced a marked downregulation of aSMA and CTGF expression, while upregulating GFAP expression, whereas Col I and WAF1 expression was not altered by this cultivation. Simultaneous treatment with N-Acetylcysteine (NAC, 2.5 mM) augmented the aSMA and CTGF downregulation, while attenuating the upregulation of GFAP expression, moreover this treatment downregulted Col I expression, also leaving WAF1 expression unchanged. Treatment of primary human PSC grown on plain TC plates with NAC had no effect on GFAP and WAF1 expression, in contrast it induced a decrease of aSMA, Col I and CTGF expression (b). Treatment of primary human PSC with NAC resulted in a modest but significant decrease of the proliferation of the cells, and this effect was significantly enhanced, when the cells were grown on Matrigel. Cultivation of the cells on Matrigel alone without NAC treatment had no effect on the proliferation of the cells (c). Data are mean7s.d. of two independent experiments using primary PSC isolated from two patients, *denotes Po0.01 compared to TC, **denotes Po0.01 compared to TC þ NAC. The gene expression profile in response to TGFb1 of RLT-PSC resembles the phenotype of activated PSC. The basal expression of aSMA, Col I and FN is further induced by TGFb1 both on the RNA and protein level, a feature commonly found in PSC. 11, 15 Since most of the Col I is incorporated in the ECM after synthesis, we had to use a dot blot to be able to detect the small amounts of Col I and thus verify the the upregulation of Col I expression in the conditioned media of our cell line. TGFb1 did not only induce the expression of ECM components Col I and FN, but also of the growth factors CTGF and TGFb1 itself, thus establishing an autocrine loop, which may result in the perpetuation of the fibrotic process. This autocrine stimulation of PSC was also demonstrated by Shek et al 47 pinpointing the central role PSC play in the development of pancreatic fibrosis. Taken together, the immortalized PSC retain the basic characteristics of activated PSC, as expression of marker protein and responsiveness to factors implicated in pancreatic fibrosis.
Activation of HSC is dependent not only on cytokines and growth factors but also on the growth substratum. Culture on Col I gels, the most abundant collagen produced by stellate cells during fibrosis, stimulates activation of HSC, whereas cultivation on a reconstituted basement membrane (Matrigel) induces a deactivated state demonstrated by a decrease of Col I and aSMA expression and storage of vitamin A in lipid droplets. 34, 52 Moreover, treatment of activated HSC with NAC has been reported to induce a quiescent state with a decreased matrix production. 36 In order to analyze if the same proves to be true for PSC and to test the usefulness of our immortalized cell line, we cultured the immortalized PSC and cultureactivated human PSC as a control on a layer of Matrigel with concomitant NAC treatment for up to 10 days. During this Matrigel cultivation, the PSC lost their myofibroblastic morphology and regained the ability to store vitamin A in lipid vesicles, a feature of nonactivated native PSC. 8, 9 This vitamin A storage may not only be a mere feature of quiescent PSC but functionally contribute to the maintenance of this state, as Jaster et al 53 have shown, that retinoic acids through the binding to their nuclear receptors are able to partially block the activation of PSC. In the immortalized PSC expression of Col I, TGFb1 and CTGF were downregulated by culture on Matrigel compared to cultivation on plain tissue culture plates, reminiscent of the expression pattern in not-activated PSC. 8, 9, 15, 47, 54 Matrigel cultivation of culture-activated PSC markedly downregulated the activation markers aSMA and CTGF, while upregulating GFAP, but did not change Col I expression. In HSC, GFAP expression is a marker of quiescent cells and is lost during in vitro activation of the cells. 44, 55 Thus, besides the downregulation of the activation marker aSMA, the increase in GFAP expression represents additional evidence for the deactivated state induced by this Matrigel cultivation. This effect of matrix on PSC activation is seemingly due to the engagement of different integrins. While there are a few studies on integrins on HSC, [56] [57] [58] nothing is published concerning the role of integrins in the activation process in PSC. The FN receptor (a5b1 integrin) is increasingly expressed during activation of HSC and binding to its ligand in the ECM induces activation of multiple kinase pathways and collagen synthesis. 59 Integrin avb3, a receptor for FN or vitronectin, regulates proliferation and apoptosis of HSC. 60 The main components of Matrigel, laminin and Col IV, are ligands for several b1 integrins, and antagonizing this integrin consequently inhibited adhesion of HSC to Matrigel. 52 Simultaneous treatment with the antioxidant NAC further decreased aSMA and CTGF expression to nearly undetectable levels, and downregulated Col I expression. These findings are supported by the known participation of reactive oxygen species in the activation process of stellate cells. 61, 62 Also treatment of primary human PSC grown on plain TC plates with NAC induced a decrease of aSMA, but to a smaller extent than did Matrigel cultivation. NAC reduced CTGF expression to similar levels as Matrigel cultivation, but had no effect on GFAP and WAF1 expression. However, in contrast to Matrigel cultivation, NAC treatment was able to decrease Col I expression.
Treatment of primary human PSC cultured on tissue culture plates with NAC resulted in a modest but significant decrease of the proliferation of the cells, and this effect was significantly enhanced when the cells were grown on Matrigel. Cultivation of the cells on Matrigel alone without NAC treatment had no effect on the proliferation of the cells.
There are several possible mechanisms by which NAC induces the antiproliferative and deactivation effects observed in this study. NAC has been shown to cause proteolysis of the extracellular domain of PDGF receptor b and in this way may disrupt the mitogenic PDGF signal transduction in activated HSC. 63 Moreover, NAC was able to block ethanolinduced activation of AP-1 complexes and MAP kinases of PSC, thus disturbing pathways responsible for the proliferation and activation of PSC. 62, 64 In HSC, the antiproliferative effect of NAC was accompanied by an increase of the cell cycle inhibitor Cip1, 36 whereas in our study no such induction was detectable. Either we just missed the time of Cip1 induction, as we analyzed our cells after several days of treatment in contrast to the 24 h incubation used in the above mentioned paper, or NAC uses different inhibitory molecules to exert its antiproliferative effect in activated PSC.
This deactivation may represent an important mechanism mediating recovery from fibrosis observed during the regeneration phase following acute pancreatitis in experimental animal models. 65, 66 In conclusion, we were able to establish an immortal cell line from human pancreas, which is phenotypically and functionally indistinguishable from primary activated PSC with respect to the expression of stellate cell markers (vimentin, aSMA and GFAP) and their response to TGFb1 and PDGF treatment. Importantly, we were able to demonstrate that besides soluble factors, the matrix surrounding PSC plays a pivotal role in the maintenance of the activation process of PSC, as cultivation of activated PSC on a reconstituted basement membrane plus treatment with NAC was able to deactivate the cells, thus pointing to the possibility of an antifibrosis therapy in chronic pancreatitis. Moreover, we were able to show that our immortalized PSC are instrumental in analyzing the pathomechanisms implicated in pancreatic fibrosis.
